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While much attention has been paid to the orientations and structures of the habit planes of various precipitates, the orientations and
structures of the edge facets are less well understood. This work presents a new approach to the interpretation of edge facets. The ori-
entations and dislocation structures of the edge facets of a precipitates in a b matrix in a Ti–7.26 wt.% Cr alloy were investigated with a
near-coincidence-sites (NCS) model combined with the analysis of Moire´ planes based on the O-lattice theory. The distribution of NCS
clusters exhibits two orders of modulated periodicities, which can be defined by the approximate intersections between several sets of
Moire´ planes. Two possible edge facets are suggested, based on the NCS distribution. Based on the misfit analysis, the dislocation struc-
tures in the edge facets were calculated. The calculated orientations and dislocation structures of the edge facets are consistent with the
experimental observations.
 2006 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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Most commonly used Ti-based alloys predominantly
consist of a (hexagonal close packed (hcp)) precipitates in
b (body-centered cubic (bcc)) matrix. The crystallography
of a precipitates in b matrix has been examined by different
investigators [1–11]. Recent studies [7–11] have revealed
that the orientation relationship (OR) between a precipi-
tates and b matrix deviates slightly from the ideal Burgers
OR [12]. The present authors provided a precise descrip-
tion of the OR [11]:
(0001)a 0.6 from (011)b towards (110)b with a
rotation axis [1.3 1 1]b (//[1.2 0.8 2 0]a),
(1100)a 0.7 from (211)b towards (002)b with
a rotation axis [1 2.1 0.1]b (//[2 2 4 3.1]a).1359-6454/$30.00  2006 Acta Materialia Inc. Published by Elsevier Ltd. All
doi:10.1016/j.actamat.2006.07.006
* Corresponding author. Tel.: +81 29 851 3354.
E-mail address: fei.ye@nims.go.jp (F. Ye).The a precipitates are plate shaped. They have a broad
face, and the flat regions on the broad face are considered
to be the habit plane. The habit plane normal is
(13 10.2 10.1)b (//(3.6 4.6 1 0.1)a), determined
by Ye et al. [11]. A single set of parallel dislocations, about
11 nm apart, were observed in the habit plane. The Burgers
vector of the dislocations is [111]b ([2113]a/6),1
which was determined using g Æ b contrast analysis. These
observations were consistently explained with the O-line
model [11,13].
Besides the broad face, an a plate is surrounded by edge
face. The flat regions on the edge face are considered to be
the edge facets. The orientations and dislocation structures
of the edge facets were not fully explained. Miyano et al.
[8,9] have identified an edge facet with a normal close to
(3 14 17)b. This edge facet contains dislocationsrights reserved.
1 Specific indices are assigned in accordance with the particular OR
variant (Eq. (1)) hereafter. A pair of corresponding vectors of the b and a
phases are usually given together.
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of the dislocations is about 10 nm. In the edge facet studied
by Furuhara et al. [4,5], a set of dislocations were also
observed parallel to the dislocations in the habit plane,
but the dislocation spacing was about 2–3 nm. The Burgers
vector of these dislocations was suggested according to the
displacement of the structural ledge model. In this model,
each structural ledge is associated with a displacement of
[111]b/12. If six structural ledges coalesce to form a super
ledge, the displacement of [111]b/2 can be accumulated as
the Burgers vector of the dislocations in the edge facet. This
Burgers vector is consistent with the (011)b extra planes
observed at the positions of the dislocations [5,7], but the
proposed super ledges were not observed. Recently, an
edge facet with a normal close to (1 1.4 3.2)b(//
(2.4 3.4 1 10.5)a) was identified [14]. Two sets of dislo-
cations were observed in this facet, and both of them were
parallel to the dislocations in the habit plane. The spacing
of the set of coarse dislocations is about 9.4 nm. Their Bur-
gers vector is [100]b([2110]a/3) determined using g Æ b
contrast analysis. The spacing of the set of fine dislocations
is about 1.8 nm. It is not surprising that two sets of dislo-
cations were observed in the edge facet, because only the
misfit in the habit plane containing the unique set of O-
lines can be completely accommodated by a single set of
dislocations in this system [11].
Although a single set of periodic dislocations are not
definable in a non-habit plane, the misfit will still vary reg-
ularly in such a plane. It is reasonable to consider that the
distribution of dislocations in any interface should be in
accord with the pattern of fit/misfit in three dimensions
(3D). This line of thought has laid the basis for the O-lattice
model of interfacial dislocations [15]. While the O-lattice in
3D is not solvable for the OR that permits only one set of
O-lines in the present system, the near-coincidence-sites
(NCS) model will be proved useful. The NCS model is a
graphical method proposed by Liang and Reynolds [16]
for studying phase transformation crystallography. In this
model, two lattices are interpenetrated into each other at
a given OR, as also suggested in the O-lattice model [15].
When the spacing between the atoms in one phase and the
adjacent atoms in the other phase is smaller than 15% of
the nearest atomic distance in either lattice, the positions
of these atoms are considered as the NCS. An interface is
usually chosen to contain a high density of the NCS. When
an O-lattice is solvable in 3D, each O-lattice element is the
center of a NCS cluster. When an O-lattice is not solvable in
3D, the distribution of the NCS clusters may still account
for the preferred facets and the possible dislocations
locating between these clusters. The NCS model has been
used in a number of investigations into interfacial orienta-
tions and structures [8–10,16–20]. Recently, Miyano et al.
[8–10] explained the orientations of the edge facets of a
plates in a Ti-based alloy using the NCS model. The OR
they inputted to construct the NCS model was from either
experimental measurement [8,10] or invariant line calcula-
tion [9]. However, the orientations of the interfaces deter-mined from the NCS distribution are not fully consistent
with the experimental results, probably owing to the uncer-
tainty of the input OR. The dislocation structures in the
interfaces also were not explained by the NCS model,
because the misfit between the NCS clusters was not
analyzed.
Input of a precise OR is crucial for obtaining results of
NCS model that agree with the experimental observations.
In the present work, the edge facets of a plates in a Ti–
7.26 wt.% Cr alloy are investigated using the NCS model
with the input from the calculated results of the O-line
model, which has consistently explained the observations
of the OR and the habit plane [11]. Though most previous
applications of the NCS model focused mainly on a single
interface, especially the habit plane, this method is applica-
ble for analyzing different facets with an input of a given
OR. One can expect that the habit plane deduced from
the distributions of the NCS should be in accord with the
O-line model at the particular OR given. Meanwhile, other
possible optimum edge facets can be suggested. In addi-
tion, the present study addresses the association of the
NSC with the dislocations. The NCS method [16] is com-
bined with the analytical formulation for misfit displace-
ment developed from the O-lattice theory [15] and with
the properties of misfit displacement and Moire´ planes
summarized recently [21], to analyze the possible disloca-
tion structures in the edge facets. In this approach, the
advantage of the NCS method, perceptible fit/misfit pat-
tern, offers a natural interpretation of the dislocation con-
figuration; the disadvantage of the method, lack of
dislocation characteristics, is removed by application of
the other theoretical treatment.
2. Periodicity of NCS clusters and their association with
Moire´ planes
The OR inputted for the NCS calculation is determined
by the O-line model [11]. The lattice constants used here are
ab = 0.325 nm, aa = 0.29564 nm and ca = 0.46928 nm. The
nearest-neighbor distance, dmin, used to select the NCS is
<111>b/2 in length, i.e. 0.2815 nm. Fig. 1a and b shows
only the b atoms, whose spacing from the adjacent a atoms
is smaller than 15% dmin. The following three orthonormal
directions are indicated in these figures. The habit
plane normal, hp, is (1311.510.3)b(//(2.9 3.9 1
0.3)a), and the invariant line direction, il, is
[52.83.2]b(//[2.5 1 3.5 0.2]a), as determined from the
O-line model [11]. The direction hp · il lies in the habit
plane and is normal to the O-lines. It can be seen from
Fig. 1a that the NCS form a number of clusters extending
along the invariant line direction. In Fig. 1a, a set of the O-
lines in the habit plane is indicated by short line segments.
Because the NCS are positions of good matching and the
volumes near the O-lines should match well, each O-line
must serve as a center for a NCS cluster in the habit plane.
The distribution of the NCS clusters can be seen better in
the plane normal to the invariant line, as shown in
Fig. 1. (a) NCS clusters distribute along the invariant line direction,
(b) the distribution of NCS clusters viewed along the invariant line
direction and (c) all b atoms viewed along the invariant line
direction.
F. Ye et al. / Acta Materialia 54 (2006) 5377–5384 5379Fig. 1b. Because numerous atoms overlap when viewed
along the invariant line direction, individual atoms are
not distinguishable in this figure. Fig. 1b shows that the
NCS clusters are strictly periodic only in the habit plane,
as expected from the O-line calculation [11]. Although they
are not truly periodic in other directions, one still sees a
regular pattern of the NCS clusters. There are two types
of clusters: small (or primary) and large (or secondary)
clusters. A secondary NCS cluster consists of several pri-
mary NCS clusters. The distribution of the NCS clusters
in two orders can also be clearly seen from an illustration
of misfit variation. In Fig. 1c, the darkness of gray
increases with the degree of matching between the b atoms
and the adjacent a atoms. The misfit varies in a modulated
periodicity, and the two orders of misfit periodicity corre-
spond respectively to the primary and secondary NCS clus-
ters. Therefore, these double periodic NCS clusters are
apparently associated with the two sets of dislocations
observed from the edge facets [14].
The distribution of the NCS clusters and the misfit
between the NCS clusters out of the habit plane cannot
be analyzed using the O-line model. An analysis of Moire´
planes helps to solve these problems. When two sets of
planes in the a and b phases represented by ga and gb inter-
penetrate each other, a set of Moire´ planes is formed. The
Moire´ planes are defined by the following reciprocal vector
[22]
Dg ¼ gb  ga ¼ T0gb ð1Þ
where T = I  A1, and A is the phase transformation
strain matrix. The symbol 0 indicates a transpose operation
of a matrix. The matrix A used here is the same as the one
in previous work [11], where the determination of A was ex-
plained. It is the property of the Moire´ planes that the two
sets of planes corresponding to ga and gb should be fully
registered in the Moire´ planes. When three linearly inde-
pendent Moire´ planes intersect, there should be no dis-
placement at the intersections [21]. In the case of the
invariant line strain, because all Dg vectors must lie in
the zone axis of the invariant line [13], the intersections be-
tween any Moire´ planes must be lines parallel to the invari-
ant line. Moreover, it can be proved that exact intersections
of three linearly independent Moire´ planes occur at the O-
line positions in the habit plane [21], which are the centers
of the NCS clusters. Other approximate intersections of
linearly independent Moire´ planes define regions of small
misfit displacement. These regions are also the positions
of the NCS clusters out of the habit plane, since the condi-
tion for NCS (<15%misfit) is less strict than zero misfit of
the O-lines.
Several sets of Moire´ planes defined by different Dg and
the corresponding gb and ga are listed in Table 1, and they
are illustrated as lines in Fig. 2. The spacings of the Moire´
planes can be calculated from 1/jDgj. The relationship
between the Moire´ planes and the NCS clusters can be con-
veniently viewed along the invariant line direction. As
shown in Fig. 2, Dg1, Dg5 and Dg6 are normal to the habit
Table 1
Moire´ planes normal to Dg that define the distribution of the NCS clusters
gb ga Dg(/100)
Dg1 101 1101 (2.492.211.98)b
(2.813.100.290.29)a
Dg2 011 0002 (1.031.362.77)b
(1.111.170.064.20)a
Dg3 110 1101 (3.520.854.75)b
(3.924.270.353.91)a
Dg4 112 1103 (1.463.560.79)b
(1.701.920.224.48)a
Dg5 011 0110 (12.7311.2710.12)b
(14.3615.831.471.47)a
Dg6 110 10 11 (15.2313.4812.10)b
(17.1718.931.751.76)a
Dg7 101 1011 (16.2612.1214.97)b
(16.4721.925.452.43)a
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gers vector [111]b/2 [13]. The Moire´ planes Dg2, Dg3, Dg4
and Dg7 intersect with the habit plane at the O-lines,
because the corresponding gb satisfy the condition
gb Æ [111]b/2 = ± 1 [21].
It can be seen from Fig. 2a that the intersections
between the Moire´ planes Dg1, Dg2, Dg3 and Dg4 agree with
the distribution of the secondary NCS clusters. The rela-
tionship between these Dg is given below, as illustrated in
Fig. 2a:
Dg3 ¼ Dg1 þ Dg2 ð2aÞ
Dg4 ¼ Dg1  Dg2 ð2bÞ
When two sets of Moire´ planes Dgi and Dgj intersect, the
spacing of the intersecting lines in the plane Dgi is [22]:
Dij ¼ jDgij=jDgi  Dgjj: ð3Þ
According to Eqs. (2) and (3), one finds D21 = D23 = D24,
i.e. these linear dependent Moire´ planes intersect at the
same positions, as shown in Fig. 2a. In accordance with
this, the spacings of the secondary NCS clusters on the
Moire´ planes are calculated and indicated in Fig. 2a. The
reason for these intersections to coincide with the second-
ary NCS clusters is that the Moire´ planes Dg5 and Dg6 also
approximately match near the positions of the Moire´
planes Dg1. This is because Dg1 = Dg6  Dg5, i.e. Dg1 de-
fines high-order Moire´ planes formed by the interference
of the Moire´ planes Dg5 and Dg6. Consequently, one finds
three sets of linearly independent Moire´ planes, e.g. Dg1,
Dg2 and Dg5, intersect almost at same positions as the sec-
ondary NCS clusters.
To show the correspondence between the Moire´ planes
and the primary NCS clusters clearly, as in Fig. 1c, all b
atoms are shown in Fig. 2b (though individual atoms are
not distinguishable). The black solid lines represent the
Moire´ planes Dg1, Dg2, Dg3 and Dg4. In the center portion
of Fig. 2b, the lines represent the Moire´ planes Dg5, Dg6and Dg7, respectively. The relationship between these reci-
procal vectors is illustrated in Fig. 2b, i.e.
Dg7 ¼ Dg5 þ Dg3; ð4aÞ
Dg7 ¼ Dg6 þ Dg2 ð4bÞ
The spacings of the intersections in the planes Dg2, Dg3 and
Dg4 are listed in Table 2. According to Eqs. (3) and (4), we
obtain D35 = D37, and D26 = D27. Consequently, the Moire´
planes Dg5 and Dg7 intersect with the Moire´ planes Dg3 at
the same positions, and the Moire´ planes Dg6 and Dg7
intersect with the Moire´ planes Dg2 at the same positions.
It can be seen from Fig. 2b that the positions of the pri-
mary NCS clusters in the Moire´ planes Dg2, Dg3 and Dg4
are defined by their intersections with the Moire´ planes
Dg5, Dg6 and Dg7.3. Selection of optimum interfaces and dislocation structures
As suggested by Liang and Reynolds [16], it is conceiv-
able that an optimum interface should contain a high den-
sity of the NCS. According to the NCS distribution shown
in Fig. 2, one finds that the planes Dg1, Dg2, Dg3 and Dg4
are the candidates for the optimum interfaces. The NCS
densities in these planes are 2.58, 1.03, 0.72, 0.83 nm2,
respectively. Because these planes are irrational, the NCS
densities are calculated in slices of atoms. Each slice is par-
allel to a selected plane, and its thickness is the lattice con-
stant of lattice b (0.325 nm). The plane Dg1 has the highest
NCS density, and this result is consistent with the selection
of the plane Dg1 as the habit plane from the O-line model
[11]. The other three planes, i.e. the planes Dg2, Dg3 and
Dg4 have lower but similar NCS densities, which may serve
as possible edge facets.
While the intersections between an interface and the
NCS clusters are good matching areas, the dislocations in
an interface possibly locate at the intersections between
the interface and the poor matching areas between the
NCS clusters. Therefore, the spacing of the dislocations
in an interface should be the same as the spacing of the
NCS clusters in the interface. Since all NCS clusters lie
along the invariant line as shown in Fig. 1a, the direction
of the dislocations in any interface containing the invariant
line must be parallel to the invariant line. As shown in
Fig. 2, the habit plane passes through only one type of
NCS cluster and the poor matching areas between these
NCS clusters. Thus, there is only one set of dislocations
in the habit plane. The spacing of the dislocations is the
same as that of the NCS clusters in the plane, which is
consistent with the description from the O-line model
[11,13].
The planes Dg2, Dg3 and Dg4 pass through both primary
and secondary NCS clusters. If one of these planes serves
as an edge facet, the edge facet possibly contains two sets
of dislocations, as guided by the observations [14]. The fine
dislocations locate alternately with the primary NCS clus-
ters, while the coarse dislocations locate alternately with
Fig. 2. Correspondence between Moire´ planes and NCS clusters. (a) The intersections between the Moire´ planes Dg1, Dg2, Dg3 and Dg4 approximately
define the positions the secondary NCS clusters, (b) the positions of the primary NCS clusters in the Moire´ planes Dg1, Dg2, Dg3 and Dg4 are approximately
defined by the Moire´ planes Dg5, Dg6 and Dg7. Do is the O-line spacing in the habit plane. Dij is the spacing of the intersecting lines in a plane Dgi when this
plane is intersected with Moire´ planes Dgj.
Table 2
Spacing of intersections in Moire´ planes Dg2, Dg3 and Dg4 when they are
intersected with Moire´ planes Dg1, Dg5, Dg6 and Dg7
(nm) Dg2 Dg3 Dg4
Dg1 9.2 16.8 11.1
Dg5 1.8 3.3 2.2
Dg6 1.5 2.8 1.8
Dg7 1.5 3.3 1.6
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the possible edge facets can be analyzed using two methods
as follow.3.1. Method 1: Decomposition of misfit displacement
To calculate the displacement of vectors in a plane Dg
containing an invariant line, it is convenient to define a unit
vector u, that lies in the plane Dg and is normal to the
invariant line il, namely
u ¼ Dg il=jDg ilj ð5Þ
Then the displacement associated with u is [15]
du ¼ Tu ð6Þ
According to the properties of the invariant line strain [13],
the displacement of any vector in the plane Dg should lie in
Fig. 3. Illustration of the decompositions of misfit displacements in
planes: (a) Dg2 and (b) Dg3.
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accommodation of misfit in the direction of du. Based on
the definition of Dg in Eq. (1), one finds that the vector
du must lie in the plane gb corresponding to the Dg, because
[13]
g0bdu ¼ g0bðTuÞ ¼ ðT0gbÞ0u ¼ Dg0u ¼ 0 ð7Þ
This relationship applies to any gb in the zone axis of du,
and all Dg for gb in this zone axis are parallel [13]. How-
ever, the low index gb is our major concern. More specifi-
cally, the plane in question, with low index gb, contains
two admissible Burgers vectors. When an edge facet is nor-
mal to the Dg associated with such a gb, the edge facet will
contain two sets of dislocations. du for this edge facet can
be
du ¼
X
i¼1;2
di ¼
X
i¼1;2
mib
L
i ð8Þ
where bLi is the admissible Burgers vectors of the i set of dis-
locations, and bLi should also lie in the plane gb. di is the
decomposed displacement vector corresponding to bLi . mi
is the reciprocal of the dislocation spacing, i.e.
Di ¼ jbLi j=jdij ¼ 1=mi ð9Þ
Among the three candidates for the edge facets, only the
planes Dg2 and Dg3 meet the condition, that the plane g2
or g3 must contain two b
L
i , if the Burgers vector is selected
from <111>b/2 and <100>b of the b phase. In contrast, du
for any vector lying in the plane Dg4 cannot be decomposed
into two bLi . Therefore, the plane Dg4 cannot form an edge
facet. The displacement vectors du of vectors in the planes
Dg2 and Dg3 expressed on the bases of both lattices b and a
are given in Table 3.
Table 3 shows that the plane g2 or g3 contains three
linear dependent bLi . Consequently, the edge facet normal
to either Dg2 or Dg3 may contain three possible types of dis-
location structures, each of which consists of two sets of
dislocations. The corresponding decompositions are illus-
trated in Fig. 3. The Burgers vectors and the spacings of
the dislocations in these edge facets are given in Table 3.
For both edge facets, the structure of type III consists of
two sets of dislocations with small spacings. This type is
energetically unfavorable and is not observed. The other
two types are interesting. The spacings of coarse disloca-
tions in types I and II, D2, are the same, but their corre-
sponding Burgers vectors are different. The Burgers
vectors for the fine dislocations are identical for both types,Table 3
Dislocation structures in possible edge facets normal to Dg2 and Dg3 calculate
du(/100) Type b
L
1
Dg2 [38.8027.8927.89]b
[25.3914.6840.070.00]a
I [111]b/2([1120]a/3
II [111]b/2([1120]a/3
III [100]b([2110]a/3
Dg3 [18.1518.1512.21]b
[11.688.8620.542.92]a
I [111]b/2([1120]a/3
II [111]b/2([1120]a/3
III [111]b/2([211but their spacings are different. Because nature tends to
favor dislocations with larger spacing, the edge facets nor-
mal to Dg2 and Dg3 probably contain type I dislocation
structure.
One can also understand the selection of possible dislo-
cation structures from the relationship between the dis-
placement vectors and the possible Burgers vectors. As
shown in Fig. 3, for energetic reasons, the displacement
vector tends to be decomposed into two vectors along
two Burgers vectors that have the smallest modulus.
Hence, the dislocation structure of type I should be
favored.d by the method of decomposition of misfit displacement
D1 (nm) b
L
2 D2 (nm)
) 1.8 [100]b([2110]a/3) 9.2
) 1.5 [111]b/2([1210]a/3) 9.2
) 1.5 [111]b/2([1210]a/3) 1.8
) 3.3 [111]b/2([2113]a/6) 16.8
) 2.8 [001]b([0111]a/2) 16.8
3]a/6) 2.8 [001]b([0111]a/2) 3.3
Table 4
Comparison between the calculated and observed [14] orientations and dislocation structures of the edge facets
Edge facet Edge facet normal bL1 D1 (nm) b
L
2 D2 (nm)
NCS model Dg2 (11.32.7)b [111]b/2 1.8 [100]b 9.2
(5.46.4121.7)a [1120]a/3 [2 110]a/3
Dg3 (4.21 5.6)b [111]b/2 3.3 [111]b/2 16.8
(3.44.413.7)a [1120]a/3 [2113]a/6
Experimental results a (11.43.2)b – 1.8 [100]b 9.4
(2.43.4110.5)a [2110]a/3
b (2.814.7)b – – – –
(2.03.012.6)a
Difference a 3.4 – 0.0 – 0.2
b 5.8 – – – –
F. Ye et al. / Acta Materialia 54 (2006) 5377–5384 53833.2. Method 2: Using the properties of misfit displacement
and Moire´ planes
A displacement and a set of Moire´ planes must obey
the following two relationships. First, if a vector u is lying
in a Moire´ plane Dg, the displacement du (=Tu) associated
with u must lie in the corresponding plane gb, i.e. g
0
bdu = 0
(Eq. (7)) [13]. Secondly, if a vector v crosses n layers of
the Moire´ planes Dg, the displacement dv (=Tv) associated
with v must obey the condition that [21]
g0bdv ¼ Dg0v ¼ n ð10Þ
The following analysis is based on these two properties.
In the case of the habit plane, because the Moire´ planes
Dg1, Dg5 and Dg6 overlap at the habit plane, according to
the first property, the misfit displacement of vectors in
the habit plane must lie in the zone axis of g1, g5 and g6,
i.e. [111]b/2, which is the Burgers vector unambiguously
defining the dislocations in the habit plane.
The association of dislocations with the Moire´ planes in
the edge facet defined by either Dg2 or Dg3 is rather compli-
cated. In the edge facet normal to Dg2, according to the two
properties mentioned above, the Burgers vector of the fine
dislocations ðbL1Þ separating the primary clusters should
obey the following conditions: g02b
L
1 ¼ 0, g05bL1 ¼ 1 and
g06b
L
1 ¼ 1. Solving these equations yields bL1 ¼ ½111b=2,
which is consistent with that in Table 3 determined from
the method 1. However, the Burgers vector of the coarse
dislocations ðbL2Þ is not unambiguous, since only two equa-
tions can be used to define bL2, i.e. g
0
2b
L
2 ¼ 0 and g01bL2 ¼ 1.
Additional constraints are either g05b
L
2 ¼ 0 and g06bL2 ¼ 1
or g05b
L
2 ¼ 1 and g06bL2 ¼ 0.2 This depends on how many
fine dislocations will form in the spacing of the secondary2 A vector p in the edge facet normal to Dg2 and across one layer of
Moire´ planes Dg1 should obey Dg02p = 0 and Dg
0
1p = 1. The displacement
dp (=Tp) associated with pmust obey [21] g
0
2dp = 0, g
0
1dp = 1, and g
0
5dp  5,
g06dp  6. The existence of five fine dislocations crossed by p implies that
dp ¼ 5bL1 þ bL2 . Since g05ð5bL1Þ ¼ 5 and g06ð5bL1Þ ¼ 6, one finds g05bL2 ¼ 0 and
g06b
L
2 ¼ 1. Because one can freely choose the positive directions of the
vectors during the analysis, one can get g06b
L
2 ¼ 1. Similarly, the existence
of six fine dislocations crossed by p implies that dp ¼ 6bL1 þ bL2 and
g05b
L
2 ¼ 1, g06bL2 ¼ 0.clusters in the interface. The spacing 1/jg1j is approximately
equal to 5/jg5j or 6/jg6j, indicating that there may be five or
six fine dislocations. It is assumed that there are five fine
dislocations, since the dislocations with large spacing may
be preferred. Then, bL2 should obey the conditions
g05b
L
2 ¼ 0 and g06bL2 ¼ 1, which yield bL2 ¼ ½100b. This
result is also consistent with that from method 1. The dis-
location structure in the edge facet normal to Dg3 can be
determined in a similar way. The resultant Burgers vectors
of fine and coarse dislocations are [111]b/2 and [111]b/2,
respectively. Again, the results are consistent with those
from method 1.
The results from methods 1 and 2 are equivalent.
Method 1 is quite straightforward for the determination
of the dislocation geometry, but the association of the
two orders of NCS cluster distribution with two sets of dis-
locations is not clear. Method 2 is based on the properties
of misfit displacement and Moire´ planes. This method pro-
vides the link between the NCS clusters and the disloca-
tions between the NCS clusters.
4. Discussion
The orientations and dislocation structures of the possi-
ble edge facets normal to Dg2 and Dg3 are compared with
the observations in Table 4. Two edge facets can be
observed, as shown in Fig. 4. The edge facet a has beenFig. 4. Transmission electron microscopy micrograph of an a plate viewed
along the dislocation direction.
5384 F. Ye et al. / Acta Materialia 54 (2006) 5377–5384identified in previous work [13]. Another edge facet b was
also identified in this study, whose normal is
(2.8 1 4.7)b(//(2.0 3.0 1 2.6)a). Comparing Fig. 4
with Fig. 2a, it can be seen that planes Dg2 and Dg3 are
nearly parallel to the observed edge facets a and b, respec-
tively. The difference between the orientations of the edge
facet normal to Dg2 and the observed edge facet a is about
3.4, which is within the experimental uncertainty. The cal-
culated dislocation spacing and the Burgers vector of the
coarse dislocations in the edge facet are also consistent with
the observations. The Burgers vector of the fine disloca-
tions, namely [111]b/2([1120]a/3) unambiguously deter-
mined by the present approach, was not characterized in
our previous observation [14]. This Burgers vector agrees
with that derived from a different analysis method by Furu-
hara et al. [5]. The difference between the orientations of
the edge facet normal to Dg3 and the observed edge facet
b is about 5.8. The dislocation structure in this interface
was not analyzed in our previous work [14]. The NCS den-
sity in the plane Dg2 is 1.03 nm
2, while the NCS density in
the plane Dg3 is 0.72 nm
2. The lower density of NCS in
the plane Dg3 is a possible reason why this edge facet was
seldom observed.
It is interesting to compare the present calculated results
of the coarse dislocations with the dislocations in the end
face of an a plate. The dislocation network in the end face
consists of three sets of dislocations a, b and c [14]. The
Burgers vectors of the dislocations were determined to be
[111]b/2([2113]a/6), [100]b/2([2110]a/3]) and
[111]b/2([2113]a/6), respectively. The Burgers vec-
tor of dislocations a is the same as that of the dislocations
in the habit plane. The Burgers vectors of dislocations b
and c are the same as those of the coarse dislocations in
the edge facets normal to Dg2 and Dg3, respectively. Appar-
ently, the dislocations in the end face are continuous from
the habit plane and the other two edge facets.
5. Conclusions
An NCS model was constructed using the calculated
results of the O-line model for a Ti–7.26 wt.% Cr alloy
[11]. The distribution of the NCS clusters out of the habit
plane exhibits two orders of periodicities, which are associ-
ated with the intersections between several sets of Moire´
planes. The misfit between the NCS clusters was analyzedby the decomposition of misfit displacement and the prop-
erties of misfit displacement and Moire´ planes.
This extended NCS model was used to interpret the ori-
entations and the dislocation structures of the edge facets.
Two possible edge facets and their dislocation structures
were calculated. Each edge facet contains two sets of dislo-
cations. The calculated orientations and dislocation struc-
tures are all consistent with the observations [14].Acknowledgements
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